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On pig chromosome 6, the SW71 microsatellite is located in the region corresponding to several quantitative trait loci (QTL), such as
those for intramuscular fat content and for body weight at 4 weeks of age. The genomic sequence of approximately 909 kb was obtained
from seven BAC clones encompassing the SW71 region corresponding to human 18q11.21–q11.22. By searching the NCBI GenBank using
BLASTX and BLASTN, this 909-kb segment was found to contain eight genes, RAB31, TXNDC2, VAPA, APCDD1, NAPG, FAM38B,
C18orf30, and C18orf58, and one putative gene (DN119777). The average G + C content in the sequence of this contig was 45.75% and
33 CpG islands were detected. CpG islands were scattered throughout the region in which most of the putative genes were located. Dense
CpG islands of approximately 840 bp were observed, including within the 5V UTR and exon 1 of the orthologs of the RAB31, VAPA,
APCDD1, and NAPG genes. Comparative analysis of conserved segments of six species showed that Ka/Ks ratios of the TXNDC2 gene in
collinear and rearranged segments were significantly different at 4.1 and 1.3, respectively. In conclusion, we demonstrated the genomic
organization of pig chromosome 6, including the gene order surrounding SW71, which provides important information for comparative
mapping. Moreover, the genes revealed in this study may be positional candidate genes associated with QTL on chromosome 6 that affect
fat deposition in pigs.
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chromosome mapping; Microsatellite; Membrane trafficking; Intramuscular fat contentHigher marbling of meat is desirable because it is
associated with better flavor, meat tenderness, and cooking
properties. The marbling score is associated with intramus-
cular fat (IMF) content [1]. Thus, IMF content is one of the
most important parameters for determining the quality of
meat.0888-7543/$ - see front matter D 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.ygeno.2005.09.002
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1 These authors contributed equally to this work.Quantitative trait locus (QTL) mapping and candidate
gene analysis are currently being used to identify genes or
markers that are related to economically important traits. In
the past decade, dozens of chromosomal regions affecting
traits related to IMF in the pig have been reported through
QTL mapping (http://www.animalgenome.org/QTLdb). The
most frequent IMF-affecting QTL has been identified around
the SW71 microsatellite on chromosome 6 (SSC6) [2–6]
(Supplementary Fig. 1). In addition, a QTL for back fat
thickness has been identified within the same chromosomal
region [3,7].
Because of their position and physiological roles, the
heart fatty acid binding protein (H-FABP) and leptin6) 218 – 224
www.el
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positional candidate genes for this QTL on SSC6. H-FABP
variants and LEPR polymorphisms were associated with the
IMF trait in Duroc pigs using candidate gene analysis [8,9].
However, it has not been demonstrated whether genetic
variants of both genes are associated with regulation of the
effects of QTL on SSC6. Therefore, major genes underlying
IMF content on SSC6 have not yet been identified.
The ultimate goal of QTL mapping is to identify genes that
control specific polygenic traits. Positional cloning and
candidate gene analyses can be used to identify causative
mutations within the QTL. The long arm of pig chromosome 6
has been shown to consist of regions corresponding to human
chromosomes 1, 18, and 19 [10]. Using bidirectional chromo-
some painting, the QTL region for IMF between the micro-
satellites SW1355 and SW917 on SSC6 has been shown to
correspond to HSA1q32–q35 and HSA18q12, including break-
points [10]. However, this QTL region has not yet been
characterized at the structure level of the genome. Thus,
large-scale sequencing and gene annotation will help to identify
genes underlying the QTL for IMF content on SSC6.
In this study, we report the physical mapping of BAC
clones, sequence analysis, and comparative genomics of
approximately 909 kb around the SW71 region on SSC6.
These results serve as a first step in the analysis of genomic
structure in the QTL region for IMF on SSC6.Fig. 1. Representation of the lengthened SW71 microsatellite marker contig of 909
included in the contig. (A) Percentage of G + C content and number of CpG islands
content was calculated with a window length of 1000 nucleotides. (B) Repetitive seq
arrow boxes. The scales of A, B, and C are the same. (D) The small black circles r
(blue circles), we determined the BAC clone order using intercross PCR (dotted lines
Seven BAC clones were completely sequenced (thick red lines).Results
Physical organization of the 909-kb segment
An approximately 909-kb segment encompassing the SW71
microsatellite was physically aligned by screening 40 over-
lapping BAC clones from the Korean native pig BAC library,
estimated to correspond to seven genome equivalents (Fig. 1D).
The first clone selected for sequencing was 290F2, which
contained the SW71 microsatellite marker site. Seven minimal-
tiling BAC clones (217F2, 244b5, 798F4, 1044G11, 992H3,
290F2, and 375G9) were sequenced by a shotgun strategy
with an average eightfold coverage. All BAC sequences
were deposited in GenBank (Accession Nos. DQ020483–
DQ020489). The seven BAC clones overlapped by 9.852 kb
length (T7.923 kb) and the average insert size was 138.433 kb
(T17.867 kb). All BAC sequences were confirmed to contain the
EcoRI restriction site used to construct the BAC library.
Moreover, the molecular continuity of this contig was confirmed
by comparison with human genomic sequences.
Gene identified in the 909-kb contig by BLAST searching
Before analyzing the sequence of the contig, repeat masked
sequences and nonmasked sequences were identified through
similarity searches against Repbase. Repetitive sequences were,923 bp and the arrangement of genes, repetitive sequences, and CpG islands
within the contig. CpG islands are represented by vertical black lines. The GC
uences are represented by vertical black lines. (C) Genes are represented by gray
epresent the sequenced BAC ends. With primers developed in those sequences
). The contig map was built by screening a total of eight rounds (green squares).
Table 1
Identity levels for comparison between conserved fragments of six species and
the pig SW71 fragment sequence
Species Total UTR Exon Noncoding
Collinear
Dog 35.30 88.71 85.16 79.18
Human 27.25 77.04 88.11 26.51
Chimpanzee 21.74 40.65 76.74 21.09
Rearranged
Mouse 3.90 53.45 79.70 2.99
Rat 3.42 54.33 72.39 2.59
Chicken 0.97 0 44.80 0.47
For each species conserved regions with >70% identity were collected. These
segments were merged to define the percentage of conserved regions.
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LINEs, SINEs, and others were classified as 11.36, 9.96, and
4.08%, respectively.
Eight orthologs of human genes were identified in the 909-kb
segment by searching the NCBI GenBank using BLASTX and
BLASTN. As shown in Fig. 1C, the human orthologs identified
were RAB31 (a member of the Ras-related GTP-binding proteins
family; GenBank Accession No. NM006868), TXNDC2
(thioredoxin domain-containing 2; GenBank Accession No.
NM032243), VAPA (vesicle-associated membrane protein-asso-
ciated protein A; GenBank Accession No. NM003574),
APCDD1 (adenomatosis polyposis coli down-regulated 1;
GenBank Accession No. NM153000), NAPG (N-ethylmalei-
mide-sensitive factor attachment protein g; GenBank Accession
No. NM003826), FAM38B (GenBank Accession No.
NM022068), C18orf30 (GenBank Accession No. AK098782),
and C18orf58 (GenBank Accession No. AK092226). Genomic
structural differences between the pig and the human genes were
observed. According to the human genomic structure, a gene that
was represented in humans as FLJ34223 (GenBank Accession
No. AK091542) is located between VAPA and APCDD1, and
putative genes (LOC440480 and LOC390831) are located in the
middle of the NAPG and FAM38B genes in the region of
HSA18p11.22. However, the homologous sequences in the pig
genome that correspond to these genes were not found in these
contig sequences. A putative novel transcript (GenBank
Accession No. DN119777) was identified in the contig using a
BLAST search of the pig dbEST database. This observed EST
sequence was similar to that of human FAM38A, with 57%
identity with the downstream 313 bp. An ortholog of TXNDC2
identified in the contig revealed relatively low similarity of about
75% in comparison to other organisms. Genomic sequences
corresponding to exon 1 of C18orf30, including the 5V UTR and
exon 6, were not found in this contig. Putative porcine gene
sequences were obtained from the assembly of porcine EST
sequences corresponding to the eight genes identified in thisTable 2
Ka/Ks ratios for linear and rearranged chromosome
RAB31 TXNDC2 VAPA APCDD
Collinear 0.029 T 0.0002 4.107 T 0.149 0.387 T 0.006 0.458 T
Rearrangement 0 1.308 T 0.007 0.180 T 0.004 0.584 T
Average Ka/Ks ratio was calculated for each pair of orthologous genes.contig. All exon/intron boundary sequences conformed to the
GT–AG rule [11].
The average G + C content and the number of CpG islands
(>0.6 obs/exp, >50% GC, >200 bp) in the contig sequence
were estimated to be 45.75% and 33, respectively. CpG islands
were scattered throughout the region where most of the
putative genes were located. Highly dense CpG islands of
about 840 bp were observed within the 5V UTR and exon 1 of
the orthologs of the RAB31, VAPA, APCDD1, and NAPG genes
(Fig. 1A).
Comparative analysis of conserved segments
Using pair-wise comparisons between the contig and the
sequences of each species, the synteny blocks corresponding to
the contig were determined in six additional species: human,
chimpanzee, mouse, rat, dog, and chicken (Table 1). Eight
orthologous genes were identified in synteny blocks of the
human, chimpanzee, dog, and chicken, but were not identified
in the mouse or rat. The conserved segment of the chicken did
not contain RAB31, TXNDC2, or VAPA orthologs. In the mouse
and rat, no ortholog of human RAB31 was found. Orthologs of
TXNDC2 and VAPA were located on chromosome 17 for the
mouse and chromosome 9 for the rat. Additionally, orthologs
of APCDD1, NAPG, FAM38B, C18orf30, and C18orf58 were
identified on chromosome 18 in both the mouse and the rat.
To evaluate genomic variation between rearranged and
collinear blocks, the contig was aligned and all pairs of
genomic sequences of whole synteny blocks from the six
species were compared. The major difference was the similarity
level of coding (80%) and noncoding (26%) sequences (Table
1). The seven species were clustered in a manner that
corresponded to the tree of life according to the degree of
identity among the total noncoding region sequences (data not
shown) [12]. In contrast, total exonic region sequences showed
over 70% similarity among all species, excluding the chicken.
The smallest similarity was observed in the coding (44%) and
noncoding (0.47%) conserved sequences between the pig and
the chicken (Table 1). Collinear synteny blocks showed high
similarity in the coding regions, as well as in the noncoding
sequences. In contrast, rearranged synteny blocks were
conserved only in exonic sequences (data not shown).
Selection level on the genomic region of chromosomal
rearrangement
If natural selection were an important factor in the
rearrangement of chromosomes, then selection would princi-
pally act through the modification of amino acids. Thus, the
effect of selection on a particular gene can be assessed by11 NAPG FAM38b C18orf30 C18orf58
0.001 1.004 T 0.005 0.515 T 0.002 0.622 T 0.004 0.770 T 0.003
0.001 0.741 T 0.002 0.385 T 0.001 0.656 T 0.004 0.737 T 0.001
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relative to silent base changes (Ks). To determine the overall
sequence diversity of the eight genes among the seven species,
the Ka/Ks ratios were calculated by all pair-wise combinations
of the eight orthologous gene sequences. As shown in Table 2,
the Ka/Ks ratios of RAB31, VAPA, APCDD1, FAM38B,
C18orf30, and C18orf58 in collinear and rearranged synteny
blocks were all calculated to be below 1. However, the Ka/Ks
ratios of NAPG and TXNDC2 were estimated to be greater than
1. Orthologs of TXNDC2, in particular, had Ka/Ks ratios of 4.1
and 1.3 in collinear and rearranged segments, respectively,
representing estimates of a breakpoint site.
Discussion
The candidate gene approach is a very effective strategy for
investigating the genes that influence QTL. However, this
strategy requires one to exclude unexpected or unknown genes
from the candidates. Because of this, more detailed genomic
information on the QTL region is a valuable genetic resource in
determining which genes affect QTL. This study revealed the
genomic information of a region corresponding to the QTL
affecting IMF content and weight on pig chromosome 6. A BAC
contig map was constructed by the 4D-PCR screening me-
thod, and BAC end sequences were used to confirm geno-
mic arrangement by comparison with the sequences on
HSA18q11.21–q11.22, previously known to be conserved
[13,14]. Eight preannotated genes and one putative gene were
found within the sequences of the 909-kb region obtained in this
study (Fig. 1). Of these genes, the RAB31 gene encodes a GTP-
binding protein of the RAB family [15].NAPG, the g-solubleN-
ethylmaleimide-sensitive factor (NSF) attachment protein (g-
SNAP) gene, and VAPA, a member of the synaptobrevin family
called SNAREs (SNAP receptors), have both been reported as
being important inmembrane trafficking in eukaryotic cells [16].
APCDD1 is a direct target of the h-catenin/Tcf4 complex in the
Wnt/h-catenin signaling pathway, a major and early step of
tumorigenesis in the colon [17].
NAPG interacts with NSF and RAB11 via GAF-1/RIP11,
but not SNARE [18]. RAB11 and RAB4 are located with
GLUT4 in adipose tissue and muscle. The abundance of
RAB11 in GLUT4-containing vesicles increases in response to
insulin in cardiac muscle. Additionally, RAB11 acts mainly in
insulin-regulated translocation of GLUT4 to the plasma
membrane [19]. VAPA has been known to bind to a wide
range of SNAREs and fusion-related proteins such as syntaxin
1A, a-SNAP, and NSF [20]. VAPA has also been anticipated
to be a regulator of VAMP-2 availability for GLUT4 traffic
and other vesicle fusion events [21]. It has been reported that
RAB family genes, including RAB31, are localized to distinct
membrane-bound compartments and participate in receptor
cargo collection during transport vesicle formation [22]. In
insulin-stimulated GLUT4 traffic in adipose tissue and muscle,
NAPG, VAPA, and RAB31 act as components of the SNARE
complex. Therefore, we suggest that the RAB31, VAPA, and
NAPG genes may be candidates for quantitative traits of
intramuscular fat content.Total interspersed repeats in the contig accounted for 24.14%
of the sequence, which is lower than the 44.83% found in the
total human genome [23] (Supplementary Table 1). However,
the contig had an average G + C content of 45.75%, which is
greater than the 41% G + C content of the human genome [23],
suggesting that the higher G + C content of the contig is due to
intragenic sequences, excluding SINEs, which are found mainly
in the G + C-rich regions in the genomes of human and mouse. It
was estimated that 33 CpG islands exist in this contig. Most of
them were located within the putative gene structures, except for
DN119777 (Fig. 1). In the human genome, CpG islands have
been reported at the frequency of 10 per 1 Mb [23]. It is held that
methylation of cytosine in the CpG island acts to regulate
transcription negatively. In addition, this regulation is closely
related to epigenetic gene expression and genomic imprinting. A
maternal imprinting effect in QTL affecting IMF was reported in
the region from SW2535 to SW1841 on SSC6, while a paternal
imprinting effect was shown in the region from SW316 to
SW917, including the SW71 region [24]. The 5V UTR and exon
1 in the orthologous region corresponding to RAB31, VAPA,
APCDD1, and NAPG had highly dense CpG islands. We thus
speculate that these genes may be epigenetically regulated.
However, further study is needed to elucidate the relationship
among these genes and the paternal imprinting effect in QTL
affecting IMF.
Molecular evolution studies are usually based on the analysis
of individual genes, rather than entire genomes. However,
evolutionary analysis of individual genes subject to such
widespread phenomena as horizontal gene transfer often leads
to situations in which evolutionary trees for different genes tell
very different stories. An alternative approach is to infer the
evolutionary history of entire genomes based on the analysis of
gene order, rather than investigating individual genes. Recent
studies using this approach have achieved successful results in
bacterial genomics and in the genomes of humans, mice, and rats
[25,26]. There is a long synteny block on human chromo-
some 18 that corresponds to mouse chromosome 17 (positions
2,789,316–10,083,804 on human chromosome 18). Our anal-
ysis of the pig–human 18q11.21–q11.22 region that includes
the breakpoint (latter boundary of macrorearrangement on
human chromosome 18) showed that chromosomal rearrange-
ment did not result in a rearrangement of genes. The evolution
rates have not shown any differences between exonic and
noncoding synteny blocks. All of the genes on the segments
have been affected by negative selection, except for TXNDC2
and NAPG.
It has been argued that chromosomal rearrangements may be
the most important factor for identifying contact between
formerly allopatric species [27]. Our analysis implies that strong
selective pressures act on the cluster of linked genes (VAPA,
APCDD1, andNAPG). Chromosomal rearrangement is a simple
explanation that is not connected directly to speciation. Because
chickens have very low intramuscular fat deposition, it is
interesting that the similarities of genes on the corresponding
synteny block in the chicken were very low, despite the
incomplete genomic information available for that region of
the chicken genome.
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in the QTL region, which is associated with many traits,
including weight, pH at 45 min postmortem, lean muscle
percentage, and IMF content, on pig chromosome 6, specific
characteristics of a cluster of genes related to membrane traffic
were obtained through comparative analysis among six species.
Additionally, a putative novel gene was identified between
FAM38B and C18orf30. The identification of these genes
associated with the quantitative traits of interest on pig
chromosome 6 remains to be conducted.
Materials and methods
BAC library screening and BAC contig construction
BAC clones consisting of the contig were screened from the Korean Native
Pig BAC library [28]. The BAC library was pooled for 4D-PCR screening [29].
The 4D-PCR screening consisted of a two-step screening process: the first
PCR was performed on master pools and the second on plate row/column, well
row/column pools in a total volume of 15 Al with 10 ng in each pool. PCR
amplifications were performed in a PTC 200 thermocycler (MJ Research,
USA). Thermal cycling parameters were defined as follows: predenaturation at
95-C for 2 min; followed by 32 cycles of 95-C for 30 s, annealing temperature
for 30 s, and 72-C for 30 s; and then a final step at 72-C for 5 min. PCR
products were separated on a 2% agarose gel containing ethidium bromide and
visualized using a UV light source. The first BAC screening was conducted
with SW71 microsatellite marker primers and subsequent BAC screenings were
performed with primers from BAC end-sequences of previously screened BAC
clones (Table 3).
BAC end sequencing and construction of BAC contig
Three positive BAC clones were confirmed by colony PCR and a single
clone was cultured at 37-C for 36 h in 20 ml LB broth containing 20 Ag/
ml chloramphenicol. The BAC DNAs were purified using a standard
alkaline lysis procedure. They were digested with EcoRV and purified using
a Qiaex II Kit (Qiagen, USA). They were then subjected to 5V or 3V end
sequencing using a BigDye Terminator Sequencing Kit v3.1 (Applied
Biosystems, USA) and an ABI 3730 automatic sequencer (AppliedTable 3
Primer sequences and PCR conditions for the BAC end sequences used for BAC s
BAC end for
screening
Primer sequence Fragment
size (bp)
Anne
temp
217F2_T7 GGGATAGAGATTGACATCCA 202 55
TCCCAGATGTAGTTGGACTT
244B5_SP6 TTTACTTGGCTTTTCTCTCG 192 55
AAAAGGAGAAGGGCTGTAGT
798F4_T7 TGACTTCAGACTTCCCAAAC 226 55
TGCTGCTTGCTTTATTACAA
1044G11_SP6 AAAGGGAATACATTCCAACC 204 55
GCTCCATCTCACTATTGCTC
992H3_T7 CAGTCCACGACTTGACTTTT 220 55
TCATATCTGTGGGTTACGTG
939F12_T7 CAGAAAAGTCTGCTGAAACC 192 55
GATGGGACACCAGTGTTAAT
SW71 GATCACCCTTATCCCCATTC 100 62
TAGAAACACCATCATCCATTCA
1298E5_T7 GCTGATGATTCTTTTTCCAG 180 55
ACTGGTCACAGGTCGATAAC
375G9_T7 GTTACAGAATGCCCAGGTAA 195 55
AACCGTCTATCCCACTTTCT
a BAC clones selected as minimal tiling path clones for shotgun sequencing.Biosystems). Sequences were submitted to dbGSS (GenBank Accession
Nos. CZ445803–CZ445877).
BAC contigs were constructed by the chromosome walking method. BAC
end sequences were used to design primers for the screening of subsequent
clones (Table 3). Primers were designed based on the nonmasked sequences
from the RepeatMasker Web server (http://www.repeatmasker.org/cgi-bin/
WEBRepeatMasker).
Shotgun sequencing
Seven minimal tiling BAC clones in the contig (217F2, 244B5, 798F4,
1044G11, 992H3, 290F2, 375G9) were subjected to shotgun sequencing. The
BAC DNAs were isolated using the Large Construct Kit (Qiagen). A total of 15
Ag BAC DNAwas used to obtain random fragments of 2–3 kb. Fragmentation
was performed using the HydroShear DNA Shearing Device (Genomic
Solution, USA) with the following parameters: 200 Al volume of DNA
solution, 11 speed code, and 20 cycles. Small sizes of the fragments were
removed using the Sizesep 400 spin column (Amersham Biosciences, USA)
and were subsequently repaired with DNA polymerase and the polynucleotide
kinase method (BKL Kit; TaKaRa, Japan). The prepared DNA fragments were
cloned into the dephosphorylated SmaI site of pUC19 (Qbiogene, USA).
Ligates were transformed into DH10B by electroporation (Gene Pulser II, Bio-
Rad, USA). Approximately 1000 plasmids in each shotgun DNA library were
randomly selected for sequencing. Plasmid DNAs were bidirectionally
sequenced for each plasmid with the BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems) and the ABI 3730 automatic sequencer
(Applied Biosystems). Sequence data were assembled with Phred and Phrap
(University of Washington, Seattle, WA, USA). To fill gaps, primer pairs were
designed from the high-quality region with a Phrap score greater than 70 on
both ends of each contig. PCR amplifications were performed using appropriate
BAC DNA used to construct the shotgun library as a template. PCR products
were inserted into the pGEM T Easy vector (Promega, USA) and sequenced.
Finishing assembly was performed in Seqman (DNASTAR, USA). The
complete sequences of seven BAC clones were submitted to dbHTGS
(DQ020483–DQ020489).
Finding candidate orthologous genes and syntenic blocks
Masked repetitive sequences in the SW71 contig were identified using
the RepeatMasker Web server (http://www.repeatmasker.org/cgi-bin/
WEBRepeatMasker). The nonmasked sequence of the contig was usedcreening
aling
. (-C)
Screened BAC clones Accession
No.
58G1, 564G12, 1259H3, 149D1,
382E6, 855F1, 710E2
CZ445803
217F2a, 2H1 CZ445809
244B5a, 575D8, 499E8, 463C4, 546H12, 1554A7 CZ445824
798F4a, 1591D9, 1061H7, 647A2, 250H5 CZ445830
1044G11a, 376G4, 1580D2 CZ445828
635B10, 569H10, 992H3a, 764A4, 1193G1 CZ445875
1108C6, 1298E5, 290F2a, 635B10, 939F12 AF235344
780D8, 375G9a, 728F5, 1108C6, 290F2a CZ445845
1051F9, 111G11, 952D9, 620D9 CZ445849
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NCBI protein/nucleotide (nr) databases. To identify genes within the
contig, the results of the BLAST search were parsed using NCBIStanda-
lone.py of BioPython (http://www.biopython.org). The orthologous region
of the SW71 contig corresponding to human chromosomes was found by
comparison with NCBI RefSeq human chromosomes (Build 35) using
MegaBLAST. Human genes were listed on that region of human
chromosomes from EnsMart of Ensembl (http://www.ensembl.org). Candi-
date genes within the contig were confirmed by comparison with human
genes of that region. The transcripts corresponding to the genes were
localized by assembling with the sequence of the contig using Seqman
software (DNASTAR). We then manually gathered orthologous genes and
identified the synteny blocks of chimpanzee, mouse, rat, chicken, and dog
that corresponded to the syntenic sequence of the human–pig fragment in
content and organization that had been elucidated via the ENSEMBL
Genome Browser (http://www.ensembl.org). CpG islands in the SW71
contig were searched by the cpgplot program in the EMBOSS package
(http://emboss.sourceforge.net).
Comparative analysis
To elucidate orthologous regions, the 909-kb segment acquired by shotgun
sequencing was aligned to the human genome using GenomeVISTA [30]. Pair-
wise comparisons were performed from sequences of corresponding synteny
blocks of six species—human, chimpanzee, mouse, rat, dog, and chicken. The
visualization of these alignments with annotation information was performed
using standalone VISTA with 70% identity and 100-bp window size [31,32].
Ka/Ks ratio
To evaluate the influence of selection, the number of nucleotide
substitutions causing amino acid replacements (nonsynonymous sites) per total
possible nonsynonymous sites (Ka) was divided by the number of silent
nucleotide substitutions (synonymous sites) per total possible synonymous sites
(Ks). Eight protein-coding sequences were aligned using CLUSTALW. Ka and
Ks were then calculated using DNASP software [33]. While calculating the Ka/
Ks of all available pairs for eight polypeptide genes, we excluded orthologous
pairs for which Ks equaled 0 to avoid dividing by 0.
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